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Perturbations in Prigogine’s cosmological model with particle cre-
ation are investigated in the framework of Newtonian Theory.
The necessary conditions for the density contrast to reach the non-
linear regime wich is necessary to garantee structure formation at large
scale are obtained.
The upper limit of the age of the universe is investigated for the
perturbations obtained to find them compatible with the observed
data from COBE(Cosmic Background Explorer satellite).
1 Introduction
This paper reviews some aspect of our knowledge of the gravitational the-
ory of fluctuations of density in homogeneous and isotropic models of the
universe. The evolution of density perturbation is evaluated for Prigogine’s
particle creation model for irreversible process with the framework of New-
tonian Theory. We will nd some simple conditions on the rate of expansion
which permit hydrodynamic perturbation to grow rapidally with time. Even
though the universe expands, it is still possible for this growth rate be essen-
tially exponential. If the models have especial properties, the total growth
will be large.
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Here, we just assume for compatibility with the cosmological principle,
that any fluctuation present must have an amplitude wich decreases with
length scales or equivalently, mass scale. Constrain on the initial number
density of particle is necessary for the model to be compatible with the
observed isotropy of the cosmic microwave background radiation and the
prole amplitude of the mass fluctuation of the galaxy formation is also
obtained.
2 Prigogine’s Model
Prigogine [1] proposed a new type of cosmological history which includes large
scale entropy production. These cosmologies are based on a reinterpretation
of the matter-energy tensor in Einstein’s equations. These considerations
were applied to the homogeneous and isotropic universe, namely
ds2 = dt2 − R(t)2d2 ; (1)
R=R(t) only. The Einstein’s eld equations
Gµν = kTµν (2)
are used together with the adiabatic transformation in any system for the
perfect fluid, namely
T µ ν = ( + P )uµuν + Pgµν ;
where
P = Pc + Pth :
Pth is the termodynamic pressure and Pc is the creation pressure. According
to the second law of thermodynamic the particle number variations admitted
are such that
dN = d(nV )  0 : (3)
This implies that, in the presence of matter creation, the usual Einstein’s
equation for (1)





_ = −3H( + Pth); (5)
become







( + Pth): (7)
Pc corresponds to the matter creation that is dened by
Pc = − + Pth
n
( _n + 3Hn) : (8)
In order to exemplify the theory mentioned above, they consider the ther-
modynamical pressure as zero and the source of the matter creation propor-
tional to H2. Thus






(nR3) = H2 ; (10)
with   0. This leads to











and M is the mass of particle and n0 is the initial number density.
The evolution of this factor scale is symilar to the models with cosmolog-
ical term [2] and have the pattern demonstrate in the g.1.
3 Differential Equation for Contrast Evolu-
tion
The fundamental hydrodynamical equations that describe the motion of the
cosmic fluid here considered are
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Figure 1: Evolution for the scale factor R(t) vs. t for c = 1000 .
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)r + ~rr(u) = Ψ (14)
r2r = 4G% : (15)
The sub-script r refers to the proper distance referencial.
It should be observed that the particle creation has modied Euler’s equa-
tion which can be compared with [3] to nd that
~rPc = Ψ(~up − ~u) : (16)
It will be assumed that the velocity of the created particles ~up is the
same as the already existing ones. Equations (13)-(15) are respectively, the
momentum conservation law (Euler’s equation), the continuity equation and
Poisson’s modied equation.
Here ~u is the velocity of a fluid element,  is the fluid mass density,  is
the gravitational potencial ,P is the total pressure . The fluid we consider is
a cold one, such that Pth = 0 and Pc = Pc(t) only.
We now introduce the comoving coordinate ~x related to the proper coor-
dinate ~r by [4]
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~r = R(t)~x ; (17)
where R(t) is the expansion factor. Equation above is a change of variables
from proper locally Minkowskian coordinates (~r; t) to expanding coordinates
(~x; t) comoving in the background model. In these latter coordinates the
proper velocity of a particle relative to the origin is
~u = a~_x + ~x _a = _a~x + ~v(~x; t): (18)
If a small perturbation is placed on the background, rst order corrections
appear in the velocity, density and potencial. We will call these ~v(~x; t), (~x; t)
and (~x; t). We shall assume that these quantities are small such that  << 1
and ~v << ~u. Peebles [4] shows that the potencial  in the new coordinates
become
 = − 1
2
RR¨x2 : (19)
We shall not detain to derive equations (13) - (15) in the new coordinates.
We list them only and refer the reader to [4]



















Expanding  , ~u and  pertubatively and keeping only the rst order
terms in equations above gives the linearized equations. The perturbations
are dened as follows
 = 0(t)(1 + (x; t)) (23)
~u = R~_x + ~v (24)
 = − 1
2








j ~v j ; j  j ; j  j<< 1 (26)
and eld equation of zero order has been used, namely
3R¨
R
= −4G0 − 12GPc : (27)
The linearized perturbative equations become
















From these equations we can obtain a second order dirential equation
for the linearized density contrast, , by taking divergence of equation (29)














(Ψ=0)g = 0 : (31)
In order to integrate equation (31), it will be convenient to change variable




After some algebra equation (31) is transformed into
U2(U −a)′′ +f4
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and a = 1− c. The derivative is taken with respect to the
variable U .
By integrating the above equation we obtain the following hypergeometric
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1 = U
2/3fY (1; 1; γ1; U=a)g (34)
2 = U
−1fY (2; 2; γ2; U=a)g ; (35)
where
1 =
8 + 3k3 +
√




8 + 3k3 −
√
9k23 − 24k3 + 40
6
(37)
γ1 = 8=3 (38)
γ2 = −2=3 (39)
2 =
+3k3 − 2 +
√






9k23 − 24k3 + 40
6
: (41)
It follows that (U) represents a family of solutions of equation (33),
labeled by the parameters 1, 1,2 and 2. It might be noted that the
behaviour of  in this linear approximation depends only on the initial values
of  and dδ
dU
.
4 Application(The Case k3 = 1)
In order to have an insight about the nature of the solution we consider the








U − a ; (43)
c1 and c2 are integration constants. + is the growing mode and − is the
decaying mode.
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Although the decreasing mode can be important in some circunstances,
we shall hereafter mainly deal only with the increasing mode. It is respons-
able for the formation of the cosmic structure in the gravitational instability
picture. Beyond this the universe would not have been homogeneous in the
past if we consider the coecient of the decaying mode dierent of zero.
Substituting R(t) in + , we can express the mass density contrast as a
function of the parameter  , namely
+ = w[e












In the g.2 are represented the comportament of the growing mode for
various values of c.
c=2 c=4 c=10
If we insist that the initial perturbations are very small when  ! 0 then
high values for c should be considered.
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Figure 2: Growing density contrast evolution ( + ) vs. 
.
5 The Time of the Non Linear Regime
In order to evaluate the time for the pertubation to reach the non-linear
regime in our model,one should give an estimate of the decoupling parameter







is applicable for the considered models.




)dec  O(10−2 − 10−3): (47)
If we insert these values in our model, that is, in expression (44) one gets for
 the following
dec  O(10−4)−O(10−5) ; (48)
where dec corresponds to the parameter at the decoupling for the pertur-
bation to grow.
It seems reasonable to suppose that the present strong condensations
grew out of small disturbances so that a necessary (if perhaps not sucient)
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condition for their formation is that the perturbation + calculated in linear
stability should have become of order unity at some time before the present
[6].
Consequently +  1 implies that
RL  10−1 (49)
in our model.
Next, our goal is to evaluate tRL; it is the time interval for the perturba-
tion to reach the non-linear regime. To do so, we calculate the relation with









dec and RL denote respectively the time interval for the anisotropy back-
ground radiation and the time to reach the non linear regime. Using (49)




 O(103 − 104) : (51)
If we insert these values in (50) and take in account that the decoupling
occurred for t  106ys one nds
tRL  O(109 − 1010) : (52)
These results indicate that using Prigogine’s model to describe the evo-
lution of the perturbation on the large structure are within a reasonable
agreement with the estabalished values to reach the linear regime.
6 The Horizon Problem
Another crucial problem is to verify the horizon problem for Prigogine’s
model. For this end, one should point out the distinction between the cos-
mological particle horizon and Hubble sphere, or speed of light sphere, Rc,
wich is simply dened to be the distance from O of an object moving with
10
the cosmological expansion and the velocity of light with respect to O . This




























3 )(1− b 13 + b 23 )
(U
2


























U is given by (32), b = c − 1 and c is given by (12). Due to the analytical
diculties of comparing Rc and RH we plot their graphs (g.3). The horizon
problem is resolved when c is big (that is when the initial number of particles




Figure 3: Cosmological particle horizont(red) and Hubble sphere(green) vs.
 for various values of c. The particle horizon intercept the Hubble sphere
for: c = 2 em   0:38; c = 4 em   0:27; c = 10 em   0:16; c = 100 em
  3  10−2; c = 1000 em   3  10−3; c = 1000000 em   3  10−6 .
7 The Age of the Universe
We now turn to the determination of the characteristic time scale for the
evaluation age of the universe with the ultimate aim of determining tp, the
time elapsed from the begining of the universe until now.
The recent results from the Cosmic Background Explorer (COBE) strongly
supports the gravitational instability theory of structure formation and can
be interpreted as providing evidence for the existence of small inhomogeneities














With the aid of equation (56) it can be written as
+(tp; )
+(tdec; )
= (1 + Zdec)
−β(tp−tdec) ; (58)
tdec is the decoupling time and Zdec is the decoupling redshift.
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By assuming that during the matter dominated era particles production
are restricted to non relativistic ones and its amplitude is xed at decoupling
time (COBE rougly x this amplitude), we have
+(tp; )






+(tdec; ) = +(tdec;  = 0) ; (60)
8() is the root-mean-square mass fluctuation in sphere of radius 8h
−1MPc.
The recent COBE measurements indicate that 8( = 0)  1 for the standard
cold dark matter [7].
By requiring that structures form not to late, it is safe to assume 8() 
1
3




If we assume that tp >> tdec, a superior limit for the age of the universe




wich becomes in term of the parameter  , using (45), as
p  0:55 : (63)
In order to give a better idea on the superior limit of the age of the






Fixing p  0:55 and dec  10−4 − 10−5, one gets
~Q  O(104 − 105) : (65)
Once again if we take for the decoupling time tp  106 ys one has then
tp  (1010 − 1011) ys : (66)
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This result indicates that for the Prigogine’s model, the age of the universe
is superior to the age of the structure formation and have an interval in an
aggrement with the actual estimation.
8 Conclusions
In summary, in this paper we analyse the growth of density perturbation in
Newtonian cosmological model for Prigogine’s type model to nd a class of
hypergeometric solutions.
A special case is studied to obtain an increasing and a decreasing mode
analogous to Friedman model.
An estimate of the time interval for the perturbation to reach the non-
linear regime was obtained.
An upper limit of the age of the universe is obtained by making use of
Cobes’ data.
The horizon problem was carefuly explained to show that for big values
of c the events are connected casualy.
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